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Abstract— This paper presents a study of propagation of 
radially and azimuthally polarized cylindrical vector modes in 
six-strut suspended core fibers based on finite element 
simulations. The study shows large effective index differences 
in order of 10-3-10-2 of these modes can be achieved in the 
suspended core fibers with core diameter of less than 2 m, 
material index 1.45 of silica to 2.0 of tellurite and wavelength of 
750 nm, allowing the stable propagation of the first higher order 
modes in doughnut shape within these fibers. The effective 
index difference and the field intensity of these cylindrical 
vector modes can be tuned by selecting appropriate fiber 
material and core size. The study shows that the suspended core 
fiber can be a competitive candidate for fiber-based high-
resolution stimulated emission depletion (STED) nanoscopy 
application.  
 
Index Terms—Fiber optics, fibers polarization maintaining, 
fiber fluorescence microscopy, laser beam shaping, optical 
vortices, optical fiber device, polarization-selective devices. 
 
I. INTRODUCTION 
YLINDRICAL vector (CV) beams, including radially, 
azimuthally and hybrid polarized first higher order 
modes generated in an optical fiber, have cylindrical 
symmetry of field amplitude and non-uniform distribution of 
field polarization vectors. Based on these special properties, 
CV beams have found a wide range of applications as optical 
vortices including far-field nano/microscopy [1-5], particle 
acceleration [6], optical tweezers and trapping [7], materials 
processing and high efficiency laser machining [8, 9], 
classical optical and quantum communications [10-12]. CV 
beams with orbital angular momentum (OAM) comprise an 
orthogonal basis set of modes and have found applications 
for high bit-rate fiber communications [13, 14]. 
CV beams with doughnut shaped intensity pattern are 
essential for stimulated emission depletion (STED) 
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nanoscopy in biomedical imaging and sensing applications 
[2-5], and it is this emerging application area that we focus 
on for the development of the new class of optical fibers 
described in this paper. In STED nanoscopy, a high intensity 
doughnut shaped beam with a dark central spot is used to 
bleach the fluorescence emission within the doughnut 
pattern, which allows only the fluorescence within the 
central dark spot to be detected and this enables 
subwavelength-scale resolution, beyond the diffraction limit. 
However, current STED nanoscopy systems are based on 
free space optics, which leads to complicated 
instrumentation as it requires two beams – the excitation and 
depletion beams – which must be aligned to each other, 
making the configuration susceptible to mechanical 
instability. As an alternative to this approach, the doughnut 
shaped first higher order modes in optical fibers have been 
explored for use in nanoscopy [15-17] to allow alignment 
and propagation of the two beams (a Gaussian beam and a 
doughnut beam, which are essentially required to realise a 
stimulated emission depletion), along a single fiber 
simultaneously. The resolution of a STED  nanoscopy can be 
estimated with the equation (1) [18]: 
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where  is the resolution in STED nanoscopy, λ is the 
depletion beam wavelength, Im is the STED intensity at the 
doughnut crest (field intensity maximum along the doughnut 
rim) and IS is the dye saturation intensity. To achieve 
nanoscale resolution, it is critical that the transverse 
doughnut shaped beam field distribution exhibits a large 
intensity contrast between the doughnut crest and the central 
dark spot [5].                                             
Conventional optical fibers can in principle guide 
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cylindrical vector modes: azimuthally polarized (TE01 
mode), mixed polarized (hybrid HE21 mode) and radially 
polarized (TM01 mode) CV modes, which are typical with 
doughnut shapes.  However in these fibers, TE01, HE21even/odd 
and TM01 modes (referred as CV modes for simplicity in the 
rest of the paper) have very close or nearly identical 
propagation constants  (=2×neff/), where neff is the 
effective refractive index of the mode. The effective 
refractive index difference neff between these modes is 
usually in the order of 10-5 or less for these fibers. As a result, 
these modes are very sensitive to perturbations and the 
energy from one mode readily couples to the other mode, 
resulting in modes degeneracy and the formation of linearly 
polarized (referred as LP-modes) Hermite-Gaussian-like 
beams [19] which has fields distribution in two lobes and 
cannot efficiently switch off the fluorescence emission of the 
fluorophore in STED application. Significant differences in 
the propagation constants of the CV modes in a fiber are 
essential [19, 20] for high stability doughnut-shape mode 
propagation. Fibers with high numerical aperture (NA) have 
larger neff for higher order modes [20], which suggests a 
large core-cladding index contrast will support the more 
stable propagation of higher order modes. Specialty optical 
fiber can be designed with multilayer cladding of high 
material index contrast [19] to maximize the difference 
between the effective index of different modes and hence 
support the stable propagation of discrete higher order 
modes. Effective refractive index differences as high as 1.8 
× 10-4 between neff of TM01 mode and other modes has been 
reported in [19], which allows TM01 mode propagation over 
more than 20 m within this novel fiber. A nanobore photonic 
crystal fiber was reported to be capable of maintaining TE01 
and TM01 doughnut modes azimuthal and radial polarization 
along the fiber [21] with a hollow air channel sitting centrally 
in the fiber core.    
In this paper, we propose a suspended core fiber with six 
struts (Fig. 1 (a)) for stable CV mode propagation. The 
suspended core structure enables large refractive index 
contrast of glass/air and small core size, leading to strong 
mode confinement, while providing higher mechanical 
strength in comparison with an unsupported step-index 
nanowire. Using a relatively large number of struts enables 
better circular symmetry of the core for the modes it guides, 
however it poses limitations to the fiber fabrication. For fiber 
preforms made using drilling or stacking, large number of 
struts requires larger number of circular preform holes which 
limits the minimum core size that can be achieved in the fiber 
using reasonable degree of hole inflation. For preforms made 
using extrusion, larger number of struts decreases the 
mechanical stability of the extrusion die. Here, we selected 
six struts as the best compromise between circular symmetry 
and ease of fabrication of the suspended core fiber. 
For this six-strut suspended core structure, we have 
quantitatively investigated the effect of refractive index of 
the fiber material, core dimension and wavelength on the 
effective refractive index difference between TE01, HE21 and 
TM01 modes (first higher order modes group), their 
maximum intensities of the doughnut crest (all intensities 
referred in this work are normalised by the total power of the 
mode) and the size of central dark region. In this work, we 
consider fiber materials with refractive indices in the range 
of 1.45 (silica) to 2.0 (tellurite). The simulations in this work 
show that a six-strut suspended core fiber with appropriate 
refractive index and core size can have a large neff in the 
order of 10-3 to 10-2 which supports stable propagation of 
radially and azimuthally polarized modes and has the 
potential to enable a fiber-based STED nanoscopy with nano 
scale resolution. In addition to achieving high neff, the 
proposed suspended core fiber supports the propagation of a 
fundamental Gaussian mode in the core for fluorophore 
excitation together with the doughnut mode for stimulated 
emission depletion in STED imaging application with 
different wavelengths.  
 
II. SIMULATION OF CV MODES IN SIX STRUTS SUSPENDED 
CORE FIBER 
In this work, finite element software (COMSOL 3.4) was 
used to investigate the effective index, field intensity and 
central dark spot diameter for CV modes in a six-strut 
suspended core fiber for selected wavelength, core diameter 
and material refractive index.  
The proposed six-strut suspended core fiber, whose 
cross-sectional structure is shown in Fig. 1 (a) (a fabricated 
F2 glass suspended core fiber with 2.06 m core), has a 
quasi-step-index structure and a large core-cladding 
refractive index contrast (the cladding is predominantly 
comprised of air with refractive index of 1.0). The fiber 
supports a doughnut shaped beam (TE01, HE21 or TM01 
mode) residing predominantly in the high refractive index 
region (core), as shown in Fig. 1 (b). For a six-strut tellurite 
glass suspended core fiber (material index of 2.0) with 620 
nm core diameter (used for Fig.1 (b)), the normalised 
intensity (which is normalized to the integral of the total 
fields of the fiber cross section as in the equation: 
|𝐸|2 √∬(𝑬 × 𝑯) ∙ 𝒛𝑑𝐴⁄ , where E and H are electric and 
magnetic field in respectively, z is the unit component along 
fiber axis z and dA is unit area) of the TM01 mode is in the 
order of 1012 and the full width at half maximum (FWHM) 










Fig. 1. (a) Schematic diagram of the cross-section of a suspended core fiber 
with six struts; (b) Schematic of TM01 mode field intensity and fiber 
refractive index profile at 750 nm wavelength for an ideal six struts 
suspended core fiber with 620 nm diameter and material index of 2.0 
(tellurite glass) along a line crossing the core center as shown in schematic 
diagram (a). 
 
We have investigated the field intensity and neff of CV 
modes in six-strut suspended core fibers at 750 nm 
wavelength with core diameters in the range of 550 nm to 5 
µm and made from silica, F2 and tellurite glass having 
refractive indices of 1.454, 1.61 and 2.0, respectively. The 
CV modes field distribution, intensity (normalised) and 
effective index for each mode are calculated and evaluated. 
As an example, Fig. 2 shows the field intensity profiles for 
the first higher order CV modes, which include TE01, 
HE21even/odd and TM01 modes, in circular doughnut shape 
generated in six-strut suspended core fiber made of high-




                                                     
 
 
Fig. 2. Simulated CV modes intensity profile and field polarization 
distribution in a 1.4 m diameter six-strut suspended core fiber made of 
high-index tellurite glass at 750 nm wavelength. 
III. RESULTS AND DISCUSSIONS 
A. Impact of Wavelength on neff 
We consider the impact of wavelength on effective index 
difference neff between TE01, HE21 and TM01 in a 3 m 
diameter core six-strut silica fiber in the wavelength range 
200 nm – 1.5 m. Fig. 3 shows that for 3 m silica suspended 
core fiber, the absolute effective index difference, neff, 
steadily increases for both neff of TE01 (in red) and TM01 (in 
blue) relative to nearest neighboring HE21. For shorter 
wavelengths of 450-800 nm, the neff is in the order of 10-4, 
while for longer wavelengths up to 1.5 µm, the neff is up to 
the order of 10-3. The reported highest neff achieved for the 
fibers are in order of 10-4 at 1500 nm and 1030 nm 
wavelengths, respectively [19, 20] (red spot [19] and black 





Fig. 3. Absolute effective index difference between TE01, TM01 and HE21 
CV modes as a function of wavelength for silica suspended core fiber with 
3 m core diameter in the wavelength range of 200-1500 nm.  
 
The results in Fig. 3 show the six-strut suspended core 
fiber has a large neff between TE01 and HE21, also TM01 and 
HE21 in a broad wavelength range, which is suitable for 
stable CV modes propagation. In the wavelength range of 
200 – 1500 nm we studied, the neff between the fundamental 
Gaussian mode and the closest neighbor CV mode in a 
suspended core fiber is also increasing from order of 10-3 to 
10-1 which suggest a stable Gaussian mode propagation. By 
reducing the core diameter of silica suspended core fiber to 
0.55 – 1.1 m, neff can be increased to the order of 10-2 at 
750 nm wavelength, which is three order of magnitudes 
higher than that of conventional fibers [19]. As discussed in 
detail in the next section neff can be further increased by 
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B. Impact of Fiber Core Diameter and Material Index on 
neff 
The effective index difference neff between the CV 
modes in a six-strut suspended core fiber was numerically 
examined for a range of fiber core diameters ranging from 
550 nm to 4000 nm and for a variety of material refractive 
indices ranging from 1.454 (silica) to 2.0 (tellurite) at 750 nm 
wavelength.  
First we consider neff between the azimuthally polarized 
TE01 mode and the nearest neighbor CV mode (TM01 or 
HE21). The neighbor modes refer to the two modes with 
minimum index separation neff, and thus are most 
vulnerable to mode coupling. In some cases, TM01 mode has 
higher effective refractive index than the two degenerate 
HE21 modes, and vice versa for other core diameters. Fig.4 
(a) shows that neff (in logarithmic scale) increases with 
decreasing core diameter. High neff of TE01 is observed for 
high index materials and small cores. For example, the high 
index tellurite fiber with 550 nm core diameter has a large 
neff of 0.0465 (-1.33 in log-scale). When moving to lower 
material indices (< 1.8), the maximum neff at a given 
material index corresponds to larger core diameters in the 
range of 550-900 nm. For example, the maximum neff of 
0.0363, 0.0306, 0.0254 and 0.0161 (-1.44, -1.514, -1.595, -
1.793 in log-scale) of fibers with material index n = 1.8, 1.7, 
1.61 and 1.454 are found for core diameters of 650 nm, 700 
nm, 750 nm and 900 nm, respectively. For the calculated 
materials, the minimum neff is greater than 1.7 × 10-4 (-3.8 
in log-scale) which is for material index 2.0 and core 
diameter of 4000 nm except material with refractive index of 
1.61. A minimum neff was observed for 1.61 material index 
and 550 nm core diameters fiber, in which the TE01 and TM01 
modes become essentially degenerate with neff of 1× 10-5 (-








Fig. 4. Simulation results of the effective refractive index difference in 
logarithmic scale (negative value shown for color bar) between (a) the TE01 
mode and the nearest neighbor mode, and (b) the TM01 and the nearest 
neighbor mode for different fiber core diameters and material refractive 
indices at wavelength of 750 nm. 
 
Next we consider the impact of core diameter and material 
index on neff between the radially polarized TM01 mode and 
its nearest neighbor mode (Fig. 4(b)). Within the investigated 
core diameter range of 550 - 4000 nm, the maximum neff of 
TM01 is found for a smaller core compared to the neff for the 
TE01 mode. As the core diameter increases, neff of TM01 first 
decreases and then reaches a minimums at core diameters 
ranging from 600 nm for material index 2.0 to ~1000 nm for 
material index 1.45, as shown by the narrow strip of yellow 
to green color in Fig.4 (b). Within this strip, for 1.55 material 
index and 900 nm core diameter, the TM01 and the nearest 
neighbor mode become degenerate and have neff of 9.9 ×10-
5 (-4.00 in log-scale). The maximum neff of 0.0239, 0.0149, 
0.0182, 0.02 and 0.022 was found for material indices of 
1.45, 1.55, 1.61, 1.65 and 1.7 and core diameters of 550, 650, 
600 nm respectively (Fig. 4(b)). The minimum neff values 
are mostly larger than 1.44×10-4 (-3.84 in log-scale) except 
that of material index of 1.61 and core diameter of 550 nm, 
for which a neff in the order of 10-6 (-5.26 in log-scale) was 
observed.     
Our calculation results show the azimuthally polarized 
TE01 and radially polarized TM01 modes have large neff to 
the nearest neighbor modes in a suspended core fiber with 
small core size. For most of materials and core diameters < 
2 m, both neff between TE01 and its neighbor, and that 
between TM01 and its neighbor are in the order of 10-2~10-3, 
except those singularities and degenerated strip as discussed 
above. For smaller cores (< 1 m), higher material index 
leads to larger neff, while for larger cores (> 2.5 m), neff 
for TE01 and TM01 modes show no significant change with 
increasing material index. For any mode of interest, the 
optimum material index and fiber core diameter combination 
can be identified from Fig. 4. 
In order to gain a more detailed insight into the impact of 
material index and core diameter, the simulation results for 
low index silica fiber (n = 1.454) and high-index tellurite 
fiber (n = 2.0) at 750 nm wavelength and 500-2000 nm core 
diameters are plotted in Figs. 5 (a) and5 (b), respectively. The 
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aim of this analysis is to determine whether there is an 
advantage to use a high index fiber for STED nanoscopy. 
Due to the imaging optics used in the STED imaging setup, 
the radially polarized TM01 mode has a axial direction 
electric field component after it is focused onto a sample, 
which has an adverse effect to STED image resolution (but 
can be used for other applications, e.g. for electron 
acceleration [22]). By contrast, the azimuthally polarised 
TE01 mode in the fiber does not have the axial direction 
electric field component after being focused and therefore is 
more suitable for STED imaging application. Hence, we 
have mainly examined TE01 modes related properties for 
STED application, whereas we have only determined the 
effective indices for the HE21 and TM01 modes in order to 
calculate neff of TE01 and TM01 modes relative to their 
nearest neighbour modes. For both silica and tellurite fiber, 
the maximum field intensity of the TE01 mode increases and 
the diameter of the central dark spot decreases with 
decreasing core diameter (Fig. 5 (a)). For silica, the 
maximum intensity is obtained at a relatively small core 
diameter of 620 nm, while for high index tellurite no 
maximum is obtained even for the smallest core diameter 
investigated (550 nm). For core diameters in the range of 
550-1200 nm, the TE01 mode intensity is in the order of 1012. 
When the core diameter decreases to less than 620 nm, laser 
coupling efficiency, transmission and core mode 
confinement decrease [21,23], leading to a decline of the 
TE01 mode field intensity. As the resolution of STED is 
proportional to the doughnut beam intensity [24], the 
decrease in mode field intensity for the fibers with their core 
diameter < 620 nm core diameters results in STED resolution 
decrease.   
 
  
(a)   
               




     
(c)     
     
   
 (d) 
 
Fig. 5. Simulation results of (a) the TE01 mode field intensity and central 
dark spot size with varying core diameters for silica and tellurite fiber, (b) 
impact of core diameter on TE01 mode central dark spot size for silica and 
tellurite fiber, (c) impact of material refractive index on TE01 mode field 
intensity and the central dark spot size for core diameter of 1 m and (d) 
effective refractive index difference between TE01 and HE21, and between 
TM01 and HE21 modes for a 1 m core diameter and 750 nm wavelength as 
a function of material refractive index. 
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For core diameters < 800 nm, the maximum intensity of 
the doughnut crest of high-index tellurite fiber is much 
higher than that of the low index silica fiber with the same 
core diameter. This suggests high refractive index fiber with 
small core size ranging from 550 nm to 1.5 m can support 
a doughnut mode with higher maximum intensity compared 
to a low index fiber for the same excitation power. For core 
diameters > 1.5 m, high-index and low-index fiber have 
comparable intensity scale. 
As shown in Fig. 5 (b), as the core diameter decreases 
from 2 m, neff between the TE01 mode and the nearest 
neighbor mode increases until ~900 nm core diameter for the 
silica fiber and ~500 nm core diameter for tellurite fiber. 
Further decrease of the core diameter results in a decrease of 
neff. Minimum neff is reached at core diameter of 670 nm 
for silica fiber and 440 nm for tellurite fiber which suggests 
with these dimensions and at the wavelength of 750 nm, the 
modes are crossing each other i.e., they are degenerate. Note 
that modes TE01 and HE21 are cut off when the core diameter 
is smaller than 510 nm for silica fiber and smaller than 350 
nm for high index tellurite fiber. For core diameter > 950 nm, 
tellurite fiber has smaller neff between TE01 and the nearest 
neighboring mode.  Most of the neff values are in the order 
of 10-3 - 10-2. The modes that have small neff values in the 
order of 10-5-10-6 are degenerated from practical application 
perspective. For core diameters >2 m, both low index and 
high-index materials have neff values in the same order of 
magnitude. 
The impact of the material index on intensity of the CV 
modes, central dark spot size as well as neff between higher 
order modes is shown in Figs. 5 (c) and (d). At a given core 
diameter, higher material index results in a doughnut beam 
with higher field intensity and smaller central dark spot. In 
Fig. 5 (d), the values of neff between TE01 or TM01 and the 
nearest neighbor mode (could be HE21 even/odd or, TM01 or 
TE01) show different trends as the material index increases. 
The high neff of TE01 for low-index (~1.5) materials 
indicates higher mode propagation stability for TE01 in low-
index fiber. By contrast, the high neff of the TM01 for high-
index materials indicates higher mode propagation stability 
for TM01 in high-index material fiber. 
The simulation results demonstrate that the suspended 
core fiber structure has the advantage that it allows larger 
neff between TE01 and HE21, and between TM01 and HE21 to 
be achieved compared with conventional step-index fibers. 
For the suspended core fiber structure, the maximum neff 
between TE01 and HE21 is 1.5×10-2, which is two orders of 
magnitude higher than that reported in [19] for a specially 
designed multilayer cladding step-index fiber (neff ~1.8 × 
10-4) and three orders of magnitude higher than that of 
conventional step-index fiber (neff ~10-5). The high neff 
that can be achieved for the suspended core fiber structure 
demonstrates that this fiber structure supports more stable 
CV modes propagation.  
For STED nanoscopy applications, the spatial resolution 
is a function of the spatial distribution and magnitude of the 
intensity of the doughnut shape depletion light [24]. The 
resolution can be estimated from the maximum intensity of 
the doughnut shape STED beam in a fiber at a given material 
index and core diameter based on equation (1). For example, 
when the maximum intensity of the doughnut STED beam 
crest for azimuthal TE01 mode in a fiber with diameter of 600 
nm and 4W input power is about Im = 12×1012 W/m2, the 
STED beam wavelength is  = 750 nm, the saturation 
intensity of the dye Atto-647N is IS = 15 MW/cm2, and an 
objective lens used to focus beams on sample with objective 
NA = 1.25, the spatial resolution is estimated to be 30 nm. 
For shorter STED beam wavelength of e.g.  = 514 nm, NA 
= 1.4, Im = 12×1012 W/m2 (can be larger with higher input 
power) and lower IS of ~ 2.9 MW/cm2 (for dye Rhodamine 
B [25]) allows a spatial resolution of several nanometers to 
be achieved. 
C. The Doughnut Beam Uniformity 
In a suspended core fiber, struts are required to support the 
core. These struts have intersections with the core edge, 
which affects the doughnut beam distribution by virtue of the 
fact that the core is not circular in these regions. A doughnut 
beam with poor uniformity, which is defined as (1-(Imax-
Imin)/(Imax+Imin)) [15]  (where Imax and Imin are normalised 
maximum intensity and minimum intensity respectively), 
has an adverse impact on the depletion region and hence on 
STED imaging efficiency. As both material index and core 
diameter can be used to tune neff, we examined the impact 
of these intersections on the TE01 mode doughnut beam 
uniformity for different fiber materials and core sizes. Fig. 6 
(a) shows that the uniformity for material indices 
investigated (1.45 to 2.0) is larger than 99%, whereby the 
uniformity decreases towards higher material indices. Thus, 
varying material index has little effect on the doughnut field 
uniformity. Considering decreasing core diameter for silica 
fiber (Fig. 6 (b)), the doughnut beam uniformity first slightly 
increases from 2 m to ~ 900 nm core diameter and then 
rapidly decreases for core diameters < 900 nm.  For the 
material indices investigated, the TE01 doughnut beam 
uniformity is well above 99.5% for core diameters > 750 nm. 
In [15], maximum intensity uniformity around 87% has been 
achieved in a double-clad fiber, based on which and other 
experimental parameters the possibility of sub 100 nm 
resolution was predicted. The study here shows that high 
intensity uniformity > 95% can be potentially achieved for a 
wide range of parameters (refractive indices and core 
diameters) in six-strut fibers. 
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(a)                                     
    
 
 (b) 
Fig. 6(a) Azimuthally polarised doughnut beam uniformity for 1 m core 
diameter and 750 nm wavelength as a function of material refractive index; 
(b) doughnut beam uniformity for silica fiber at 750 nm wavelength as a 
function of core diameter. 
 
Fiber core circularity is another critical factor which effects 
the doughnut beam uniformity. The simulation of the TE01 
mode of a silica step index fiber with elliptical core (Fig. 7) 
demonstrates the field uniformity of this mode decreases 
with increasing core ellipticity. Since TE01 mode uniformity 
of 86.7% was shown to be sufficient to achieve high image 
resolution [15], ellipticity corresponding to uniformity larger 
than ~87% is considered to be acceptable. In a step index 
fiber with core ellipticity e of ~1.2% (ellipticity e = 1-b/a, 
where a of 860 nm and b of 850 nm are the major and minor 
radius of the fiber core, respectively) at 750 nm wavelength, 
the TE01 mode field has a uniformity of ~95.6%. The field 
profile of this mode is shown in Fig. 7 (b). For larger 
ellipticity of ~2.4%, the TE01 mode field uniformity has 
dropped to 91.3% (Fig. 7(c)), which is still above the 
acceptable value of ~87%. However, ellipticity of ~4.7% 
(Fig. 7 (d)) leads to a mode field uniformity below the 
acceptable level. The fabrication of a sub-micrometer 
suspended core fiber with ~ 2-3% ellipticity and thus 
acceptable uniformity is anticipated to be achievable with an 
improved fabrication process in the near future. The impact 




Fig. 7 Azimuthally polarised TE01 mode field profiles for (a) an ideal 
symmetric silica circular core of 0.85 m diameter; (b) an elliptical core 
with ellipticity of ~1.1% and uniformity of 95.6%; (c) an elliptical core with 
ellipticity of ~2.4% and uniformity of 91.2% and (d) an elliptical core with 
ellipticity of ~4.7% and uniformity of 82.6% at 750 nm wavelength. 
IV. CONCLUSIONS 
In this work, we have shown that a six-strut suspended core 
fiber with appropriate material and small core diameter 
supports stable propagation of the TE01 mode (HE21 mode as 
well) and can be a competitive candidate to support stable 
propagation of CV modes. Our simulation results 
demonstrate that suspended core fibers have the advantage 
of large effective index differences between the first-higher 
order CV modes in order of 10-2-10-3, which lifts the high 
order modes’ degeneracy and hence supports stable 
propagation of doughnut shaped beams by limiting the cross-
talking between higher order modes. In a suspended core 
fiber, suitable selection of core diameter, operation 
wavelength and fiber material enables a uniform doughnut 
beam with high intensity and large neff between modes, 
which paves the way towards a fiber-based STED nanoscopy 
for imaging with high resolution of tens nanometers.  
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